






















SYSTEM DESIGN

In the November 9, 1989 letter from Gagnon Contracting to Mr. Donald

Wolbeck a series of items is llsted which were recommended to be corrected

before conducting additional extraneous voltage tests or initiating additional

corrective measures. Some of these were noted as being for reasons of safety.

Recommendation No.1 regarding the use of only a UL-Listed electric fencer and

separation of the ground rods is appropriate. The second recommendation to

keep dirt and whitewash off the cow trainer insulators is similarly correct.

Under damp conditions these materials can become conductive and allow current

leakage to the immediate cow environment. Although most such voltages have

little current-producing capacity, the possibility does exist that some

animals would respond adversely to the intermittent voltage imposed by the

fencer operation.

The recommendation to use only three-wire grounded extension cords is

appropriate. Additionally, all extension cords should be designed for use in

a wet environment and carry the designation of "W" in the type listing.

Item No. 8 in the Gagnon Contracting letter appears to be contrary to

Mr. Michaud's observations when he was on the farm. The letter states that

there is 1/4 mile of overhead and several hundred feet of underground

secondary conductors on the farm. The length of conductor to each service was

not listed. However, the combined voltage drop on the interconnected neutrals

poses a high risk of extraneous voltage if all conductors are not properly

sized. Additional information is needed to allow evaluation of these diverse

observations and recommendations.

As noted previously, requirements set forth in the NEC and NESC are

minimums intended to promote safety with the electrical system. In contrast,

when looking at actual field installations the function of the electrical

system must also be considered. As stated in a preceding section, when

looking at the separation distance between ground rods, the minimum distance

for safety is 6 ft. This is contrasted to a functional separation distance of

at least twice the length of the individual ground rods. This is further

contrasted to the separation distance needed for isolation which is at least

1.5 times the separation distance required for maximum function or at least

three times ground rod length.

In his June 16, 1992 letter Mr. Ess1er states that converting to a full

Delta three-transformer bank system could increase the exposure of neighboring

farms to other problems with the electrical system. As suggested by Mr.

Michaud, the drawbacks of going to a full Delta bank are substantially less

than the advantages in providing full three-phase service. If the risks are

as great as suggested by Mr. Essler--and their consultants--three-phase

distribution systems would seldom be used. Such is not the case as nearly all

distribution circuits leave the substations as three phase with individual

phases then used to service small loads and service areas.

In designing systems, voltage drop must be taken into account in all

instances. Proper operation of electrical equipment requires that voltage

drop on the phase conductors be limited to 5%. This is the voltage drop from
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the supply to the most distant load. Thus, to allow for deslgn of conductors

and voltage drop which occurs from the service entrance panel to other pleces

of equipment, the serVlce conductors from the meter to the service panel

should be sized for 2% voltage drop. The sensitivlty of animals to voltages

and the interconnection of the grounded conductor (neutral) system with the

grounding system requires that voltage drop on the secondary neutral also be

considered. Under no circumstances should the neutral conductor be down-sized

on services to agricultural buildings. These recommendations are consistent

with recommendations found in the NEC and the "Agricultural Wiring Handbook."

Use of the tables in the "Agricultural Wiring Handbook" is encouraged to

facilitate simplification of the design process coupled with good design. All

agricultural services should use a full-size neutral conductor, i.e., the same

size as the phase conductors.

The August 25, 1992 letter from Mr. Thomas J. Mayer to Mr. Donald

Wolbeck indicates that repositioning of the service to the Wolbeck dairy will

result in additional neutral-to-earth voltage. This will occur only if the

system is not properly designed using strategies previously discussed. The

exact nature of the system reconstruction was not clearly delineated in Mr.

Mayer's letter. Consequently, a full evaluation of the proposal cannot be

accomplished.

Power quality is an important consideration in providing service to any

electrical equipment. Several of graphs which are a part of this file have

been discussed and show variability in the supply voltages at the Wolbeck

farm. Although these voltages do vary with time, they are not considered

abnormal. Overall, the quality of the power being delivered to the Wolbeck

dairy appears to be quite satisfactory.

The desirability of maintaining low system resistances should be

emphasized. This can be accomplished by using appropriately sized conductors,

assuring that all connectors on the primary distribution system are of good

quality, and using good grounding methods. The grounding system resistances

noted by Mr. Mairs in his July 29, 1991 letter sound artificially low. They

also suggest a significant influence due to the installation of the neutral

separation device. Unfortunately, the lack of detail as to how these

measurements were made prevents complete evaluation as to the meaningfulness

of the individual values reported.

The potential for parallel paths to exist and for current leakage to

occur from an exposed concentric neutral primary conductor to components of

the on-farm electrical system strongly support the position that such

conductors should not be used in the vicinity of agricultural buildings used

for the production of animals. Other methods are available and should be

employed in such situations.

MILK QUALITY AND HERD MANAGEMENT

A limited quantity of herd management data was provided. Full

evaluation of this herd and the influence of extraneous voltage will require

that additional data be evaluated.
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Somatlc cell count data were prcJlded for tne interval frcm January 1392

through February 1993. The source of these data was not lndicated. Further,

no indlcation was given as to whether these are DHIA or bulk tank sample data

provided by the milk market. Additionally, the data were not ldentifled as to

whether they represent monthly averages, monthly highs, monthly lows, or some

other value. Nonetheless, the data do suggest the herd has suffered from a

mastitis problem during most of 1992. While there is an appearance of a

downward trend beginning in late 1992, the upward turn from December 1992

through February 1993 cannot be fully evaluated. More specifically, it is

unclear whether the drop in see levels in late 1992 is, in fact, an indication

of a beginning of a trend or simply an aberration of the data. A copy of the

graph of the data provided is attached as part of the Appendix.

Generally, the percent of the herd in milk in a well-managed herd should

be in the range of 80 - 85%. Data for the Wolbeck dairy were provided for

January 1992 through February 1993. During eight of the 14 months for which

data were provided the percent of the herd in milk was less than 80%. This

suggests there are some difficulties with breeding or reproductive program

management.

The milk sales data would, at first glance, suggest a substantial

increase from mid-1992 into late 1992 and early 1993. However, when the data

are translated into an annualized milk sold per cow in the herd, the

production in February 1993 (13,888 lbs.) is very little different than the

production in January 1992 (13,500 lbs.) A graph depicting the annualized

milk sold per cow in the herd is enclosed as part of the Appendix. The

variations shown from late 1992 to late 1993 are most likely related to

changes in herd size and the percent of the herd in milk. The stage of

lactation of the various animals could not be assessed from the data provided.

Further, sufficient data were not available to allow calculation of a 12-month

rolling average of milk sold per cow over a meaningful period of time.

The percent butterfat shows some variations across the 14 months for

which data were provided. The variations appear to correlate well with

changes in feeding programs. For example, if green chop or pasture is used as

part of the diet for the cows during the summer months, this would be

reflected by a lower quality fiber and perhaps lower fiber intake. The result

is lower butterfat or, if you will, a mid-summer slump in butterfat

production. This is contrasted to wintertime butterfat production where more

of the feed is provided with baled hay and a higher quality fiber.

On the herd replacement data sheet, a note was added that more first

calf heifers were being marketed, i.e., culled, since 1989. When looking at

the total cull rate for the herd, it was found to range from 13.7 - 35.6% for

the years for which data were submitted. The normal range for a dairy herd is

25 - 35%. If the trend for the first three months of 1993 continues, the cull

rate during 1993 will be abnormally high. The reason for needing to cull more

first-calf heifers was unclear. However, without more information regarding

the reproductive program, it cannot be fully assessed. If a bull was being

used as a herd sire, as contrasted to using AI reproductive methods, the

increase in number of first-calf heifers culled could reflect the use of a

poor or low quality bull sometime in the 1986 - 1987 time period. Thus, the
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data overall appear to be reasonable and normal. ReVlew of additional he~~

reproductive data will be necessary to fully evaluate thlS aspect of the dalry

productlon system.

The body score herd evaluation sheet dated October 20, 1992 reflects a

few cows that at first glance appear to be undernourished or to have

exceedingly low body scores. However, without knowing the stage of lactation

of these animals, full evaluation cannot be accomplished. Overall, the herd

appears to be reasonably normal. For comparison purposes, a Michigan S~ate

University pUblication lists the following as appropriate body scores.

Time of Scoring Desired Score Reasonable Range

Calving 3.5 3.0 - 4.0

Peak Milk 2.0 1.5 - 2.0

Mid-Lactation 2.5 2.0 - 2.5

Dryoff 3.5 3.0 - 3.5

Whether the body scores listed reflect deficiencies in the overall

nutritional program, depression of feed intake due to some external stressor,

such as extraneous voltage, or simply normal variations for this herd given

stage of lactation and production levels cannot be determined from the

information provided.

RECOMMENDATIONS FOR MITIGATION

The following are considered appropriate strategies for mitigation of

any residual extraneous voltage problems on the Wolbeck dairy.

1. Eliminate the buried primary distribution line with exposed

concentric neutral. Removal of this type conductor within 500 ft.

of the cow environment--exclusive of pasture areas--is

recommended.

2. Assure a minimum separation between primary and secondary

grounding systems that is at least three times the length of any

ground rod or equivalent. This applies to separation between the

distribution line with exposed neutral and any grounding component

on the farm.

3. Verify the absence of any parallel path which might circumvent the

neutral isolator. Such possible paths include telephone system,

intercom system, water lines, gas lines, etc.

4. Install a full three-transformer, three-phase system to provide

better power quality.
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5. Identlfy all changes made to-date to allow more complete

evaluation of the possible influence of those changes.

6. Verify the electrical quality of all connectors between the

Wolbeck dairy farm and the servicing substation.

7. Verify that all grounding connections along the primary system are

installed with a resistance to ground of 25 ohms or less.

RECOMMENDATIONS FOR FURTHER ACTION

1. Provide additional herd production and performance data to allow

evaluation over a longer period of time and to more accurately evaluate

any possible trend lines. This will help to establish the possible

presence of correlations between electrical system changes and herd

performance.

2. Additional investigation of this farm is warranted. There is little

doubt that production at the present time is of a problematic and

abnormally low level. However, given the data which are currently part

of this file, it is unclear that the problem is electrical in nature.

3. Additional electrical system testing appears to be warranted. The data

available thus far is very fragmented due to the methods used,

incomplete identification of monitoring points. The graphs vary from

showing a problematic voltage level in March 1993 with neutral

separation in place to what appear to be non-problematic voltage levels

at earlier times with the neutrals interconnected. The reason for these

inconsistencies cannot be determined from the data currently available.

4. Further testing must include the use of resistors to determine the

current-producing capacity or capabilities of the voltage source(s). No

data showing the use of resistors have been provided.

5. Additional testing of the Amoco gas line appears warranted. The data do

not verify the absence of voltages in the Wolbeck dairy farm due to the

cathodic protection system even with the corrected or repaired rectifier

operating.
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